Use of the polymerase chain reaction (PCR) for the detection of B-and T-cell clonality, Epstein-Barr virus (EBV) and Human Herpes Virus 8 (HHV 8) infection is gaining increasing importance as a diagnostic modality. These tests are usually performed on fresh specimens. There are instances when fresh material is not available and there is a clinical utility for the performance of PCR on archival material via slide scrape lysates (SSL). However, the suitability of archival material may be questioned. Records were searched for all archival cytology cases submitted for SSL molecular diagnostics tests since 1998. Results for each case were analyzed for PCR amplification status and individual test results. A randomly chosen control group of equivalent cytologic samples submitted fresh was evaluated for comparison of amplification status. In all, 241 PCR runs were performed on SSL of archival material from 112 cytologic samples (89 cerebrospinal fluids (CSFs), 13 fineneedle aspirates (FNAs), 10 effusions). Out of these samples, 95 (85%) had amplifiable DNA, as assessed by a positive reaction for glyceraldehyde phosphate dehydrogenase (GAPDH). For the control group, 320 PCR runs were performed on 112 fresh cytologic samples (89 CSFs, 13 FNAs, 10 effusions). In total, 102 samples (91%) had amplifiable DNA. There was no statistical difference in the amplification yield between the two groups (P ¼ 0.2177). A morphologic review of 16 of the 17 SSL archival cytologic cases that did not show amplification revealed 11/16 to be of sparse cellularity. Molecular diagnostic tests are performed routinely on fresh cytologic samples with excellent results. At times critical decisions on patient care may need to be made when fresh tissue is not available for molecular diagnostic tests. SSL of archival cytologic material can be used with excellent results for molecular diagnostic tests when fresh material is not available or when the cytologic diagnosis needs further clarification.
Molecular studies are now routinely performed in pathology laboratories for the diagnosis of various medical conditions such as cancer, infectious diseases and genetic disorders. 1, 2 One of the most commonly performed molecular tests is the polymerase chain reaction (PCR) which enables the amplification of specific sequences of nucleic acids from an extremely small amount of genetic starting material. 3 In most laboratories, PCR is usually performed on a variety of fresh specimens including blood, body fluids and tissues. Several small series have shown, however, that archival cytologic samples and formalin-fixed tissues may be suitable for evaluation by molecular tests. [4] [5] [6] [7] [8] [9] [10] This principle may be extremely important when a diagnosis is unsuspected and when fresh tissue is no longer available, as well as for the testing of remotely obtained samples.
The utilization of molecular techniques on archival material via slide scrape lysates (SSL) for the diagnosis of lymphoma and leukemia is ideally suited for the characterization of cerebrospinal fluid (CSF). Although the positive identification of malignant hematopoietic cells within the CSF is of the utmost importance for diagnosis, staging and treatment, definitive diagnosis may be hindered based on overlapping cellular morphology. Viral infection or treatment effects may yield lymphoid cells that mimic a blast-like appearance. Conversely, genetically malignant cells may have unremarkable morphology. Several preliminary investigations of this problem have touted the use of molecular studies in tandem with conventional techniques for diagnostic enhancement in fresh and archival material. 1, [10] [11] [12] In contrast to fresh samples, archival material such as cytological specimens, paraffin-embedded, or frozen tissues, presents the opportunity for a careful morphologic review and interpretation prior to molecular analysis. This allows the trained cytologist to preselect cases and slide preparations for subsequent molecular analysis, resulting in optimal utilization and cost control in the molecular laboratory. As molecular techniques are improved and refined, diagnositic possibilities will become realities: recently, Hug et al 13 demonstrated the use of single-cell PCR analysis of cells directly isolated from standard CSF cytospins for the diagnosis of B-cell malignancies.
Both clinicians and pathologists have operated under the assumption that fresh specimens have the best diagnostic yield for molecular studies. However, fresh material is not always available to perform molecular testing, and careful comparative studies are few. It is, therefore, important to assess whether archival tissues used as diagnostic samples will provide results comparable to that of fresh specimens.
Over the past 5 years, we have routinely performed molecular tests on archival cytologic material for diagnostic purposes. What initially began as an inquiry into a methods alternative, evolved into a vital diagnostic query performed on cases with ambiguous morphology.
14 Our goal for this study was to determine if there were any differences in the degree of diagnostic utility for molecular studies (as measured by DNA amplification), between whole SSL of archival cytologic material as compared to freshly submitted cytology specimens, with particular emphasis on CSF.
Materials and methods

Case Selection
Results of 112 archival cytologic samples submitted for molecular diagnostic studies from July 1998 to July 2003, were generated via a computer search in the Molecular Diagnostics Unit of the National Cancer Institute, National Institutes of Health. These cases were obtained either through patient file reviews or from a previous study. 14 The specimens (a mixture of Diff Quik and Papanicolaou-stained smears and cytospin preparations) included 89 cerebrospinal fluids, 13 fine-needle aspirations (FNAs) and 10 effusions. A majority of the samples were stained with Diff-Quik as this is the predominant stain used in our institution for CSFs and hematopoietic neoplasms.
Concurrently, for the control study specimens, case files from the same time period were reviewed for similar types of cytologic samples received fresh in the molecular diagnostics laboratory. Samples were selected consecutively until a preset number had been reached to reflect the exact numbers and proportions of the archival specimens: 89 CSFs, 13 FNAs and 10 effusions.
DNA Isolation from Archival Cytospin and Smear Samples
Coverslips were removed from the slides via immersion in xylene. A volume of 20 ml of digestion buffer (50 mM Tris, 1 mM EDTA, 0.5% Tween pH 8.0) was added to the slide and the surface was then scraped with a single edge razor blade (SSL). The cells/buffer mixture was transferred directly to a PCR tube. Volumes of 8-10 ml of digestion buffer was again added to the slide and the procedure was repeated. Proteinase K (2 ml of 10 mg/ml) was added and the tubes were layered with mineral oil prior to incubation at 371C for 60 min followed by 981C for 10 min. At the end of this incubation period, the samples were divided into PCR tubes containing 20 ml of Gene Releaser resin (Bioventures, TN, USA). The tubes (with sample and resin) were preincubated in a thermocycler (Model 9700, Applied Biosystems, Foster City, CA, USA) according to the manufacturer's directions. At the end of the preincubation period, the appropriate master mixes were added to the tubes and 40 cycles of PCR were performed.
DNA Isolation from Fresh Cerebral Spinal Fluid, FNA and Pleural Effusion Samples
Fresh cerebral spinal fluid, FNA and pleural effusion samples were centrifuged at 1500 rpm (450 Â g) for 10 min. Supernatants were removed and the pellets were resuspended in digestion buffer (50 mM Tris, 1 mM EDTA, 0.5% Tween pH 8.0) with proteinase K. Samples were preincubated in a thermocycler (Model 9700, Applied Biosystems, Foster City, CA, USA) at 371C for 60 min followed by 981C for 10 min. At the end of the preincubation period, the appropriate master mixes were added to the tubes and 40 cycles of PCR were performed.
PCR Amplification and Detection of Products
To test the amplification ability of each sample, PCR was performed with primers directed to the housekeeping gene, glyceraldehyde phosphate dehydrogenase (GAPDH) according previously described methods. 15, 16 Placental DNA was used as a positive control.
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For detection of Epstein-Barr Nuclear Antigen 2 (EBNA 2), latent membrane antigen-1 (LMP-1) and Human Herpes Virus-8 (HHV-8), PCR was performed using primers and methods described by Otsuki et al. 17 Positive control DNA was isolated from the Raji and BC-1 cell lines, respectively.
For assays to detect viral components and GAPDH, amplification products were separated by 2% agarose gel electrophoresis and visualized with ethidium bromide staining. To increase sensitivity and selectivity of EBV viral genes, EBNA 2 detection, gel products were transferred to Nytran membranes and probed by Southern blot hybridization with a digoxigenin-labeled (DIG) internal probes. The posthybridization visualization was performed by chemiluminescence (Roche Diagnostics, Indianapolis, IN, USA).
To detect clonality of the immunoglobulin heavy chain gene (IgH) and the T-cell receptor gamma gene, PCR was performed using primers and methods described by Segal et al 18 and McCarthy et al, 19 respectively. DNA isolated from a blood sample of a patient with hairy cell leukemia was used as a positive (clonal) control for the IgH gene rearrangement studies. DNA isolated from the CEM and MOLT-4 cell lines were used as positive (clonal) controls for the T-cell receptor gene rearrangement studies. PCR products were separated by 16% polyacrylamide gel electrophoresis and visualized by ethidium bromide staining.
Statistical Analysis
Specimens were analyzed for DNA amplification status as assessed by a positive or negative reaction to GAPDH. The overall amplification yield for archival specimens was compared with that of fresh specimens to determine if there was any statistically significant difference between the two groups.
Specimens with no amplifiable DNA were not considered for further analysis. For those specimens which showed amplifiable DNA, results of specific molecular diagnostic tests were analyzed. These tests (Tables 1 and 2 ; Figures 1-3) included PCR for identification of viral infections (EBV and HHV-8) and PCR for clonality analysis of defined B-and T-cell populations. A total of 241 PCR runs (including GAPDH and 129 tests) were performed on microdissected archival specimens and 320 PCR runs (including GAPDH and 208 tests) on the fresh sample control group. Test results were evaluated for diagnostic yield. A comparison of the diagnostic yield for individual test results between the archival and fresh samples was analyzed.
The diagnostic samples were separately interpreted as either clonal or polyclonal (tests for B-and T-cell clonality) and as positive or negative (tests for analysis of viral DNA).
The statistical analysis was performed by using Fisher's exact test with Instat software (Graph pad).
Results
Slide Scrap Lysates of Archival Cytologic Samples
Overall, of the 112 SSL samples, 95 (85%) showed amplifiable DNA as assessed by a positive reaction to GAPDH. Of the 17 specimens that did not show DNA amplification (including 16 CSFs and one FNA), 16 were available for study. A morphologic review of these cases revealed 11/16 to be of sparse cellularity, two were moderately cellular and two were highly cellular. With regard to diagnostic categories, four cases (25%) were malignant, nine (56%) showed atypical cells and three (19%) were negative for malignant cells.
Amplifiable DNA was present in 73 of 89 CSF samples (82%); 12 of 13 FNAs (92.3%) and 10 of 10 effusions (100%). Of those specimens with amplifiable DNA individual test results are summarized in Table 1 . Overall, 120 of 129 tests analyzed (93%) showed diagnostic results. Tests for B-cell clonality (IgH PCR) showed diagnostic results in 15 of 24 tests performed (62.5%) and those for T-cell clonality 
Statistical Analysis
Statistical analysis showed no statistically significant difference in the yield of amplifiable DNA using archival and fresh cytologic specimens, overall (P ¼ 0.2177). There was no statistically significant difference between the two groups irrespective of the specimen type evaluated; CSFs (P ¼ 0.1232), FNAs (P ¼ 1.5200), and effusions (P ¼ 1.0000). The diagnostic yield for individual test results between archival and fresh cytologic specimens showed no statistically significant difference for IgH PCR (P ¼ 0.1011), TCR Gamma PCR (P ¼ 0.4921), or EBNA PCR (P ¼ 0.2505).
Discussion
Because the apparent utility of molecular testing has been established in certain diseases, the demand for this type of technology has increased proportionately. As results of molecular tests have become more refined, clinicians and pathologists alike have become dependent upon these tests, tolerating less and less of a possible diagnostic margin of error for their patients. This approach is particularly true in the diagnosis of a hematologic neoplasm involving the CSF where the addition of PCR-based studies has been shown to enhance diagnostic accuracy. 1, [10] [11] [12] This is evidenced through the results of the study by Rhodes et al, 12 which showed that 38% of cytologically negative CSFs were deemed positive by PCR studies. Conversely, 50% of the cytologically positive cases were confirmed by PCR with the other positive cases deemed 'equivalent' by PCR. These types of findings suggest a complementary approach to the evaluation of CSF for molecularly characterized malignancies such as lymphoma. The ability to visualize all of the material and then perform PCR greatly enhances the probability of reaching the correct diagnostic conclusion.
In the last few years, studies have appeared which have revealed the success of applying various molecular techniques to SSLs of cytologic samples. 6, 9, [20] [21] [22] This has been achieved in small numbers with PCR tests for the diagnosis of lymphomas 5, 7, 11, 23 and also in a small number of CSF studies. 10, 14 In all references mentioned, the PCR tests performed on the cytologic material was found to provide important diagnostic information that was, in some instances, not possible by morphology alone. 5, 7, [10] [11] [12] Archival specimens can, therefore, potentially be used in instances where no fresh tissue is easily available, when an unsuspected diagnosis is considered in the differential upon morphologic review and for retrospective testing of samples in patients who develop disease at a later date.
The use of PCR has on occasion been applied for definitive diagnosis of metastatic malignancies on FNA cytology specimens by comparing genetic abnormalities with the primary tumor. 21, 22 Very few studies, however, have actually compared the diagnostic yield of molecular tests performed on fresh and archival cytology specimens. One study compared recovery and amplification of mRNA for fresh and archival cervical smears. The archival samples included whole slide scrapings and microdissected epithelial cells. This study showed that RT-PCR was positive in all fresh and archival Use PCR on archival cytologic material R Mattu et al samples and was not affected by type of fixative, processing method or microdissection. 20 In another report, lymphoid tissue obtained by FNA was studied for detection of bcl2 oncogene. A total of 30 cases were examined. In 18 cases, DNA was obtained from either an archival Pap or a modified Giemsa-stained slide. In 12 cases, DNA was obtained using fresh specimens, either Diff Quikstained slide or needle rinse in RPMI. Both fresh and archival material provided sufficient DNA for PCR amplification and bcl2 detection. 23 However, this study involved only a small number of cases for comparison of diagnostic yield between the two groups.
We conducted this study to compare the diagnostic yield of archival and fresh cytology specimens, particularly CSFs, using a much larger number of cases. A total of 112 cases of archival cytology specimens that included 89 CSFs, 13 FNAs and 10 effusions were analyzed for DNA amplification (Table 3) . Similarly, we evaluated 112 matched random samples that were freshly submitted for molecular diagnostics including 89 CSFs, 13 FNAs and 10 effusions, as a control group. We found no statistically significant difference in DNA amplification between the two groups, in which 85% of archival SSL cases showed amplifiable DNA compared to 91% in the control group. In addition, no statistically significant difference was found in DNA amplification yield when CSFs, FNAs and effusion samples of the two groups were compared individually. Specimens with amplifiable DNA were also evaluated for diagnostic yield of different tests performed. These tests included IGH PCR, TCRG (gamma) PCR and EBNA-2 PCR. Once again, no statistically significant difference was seen when individual test results of fresh and archival material were compared.
In our study, we did not attempt to enrich the atypical cell populations by the application of microdissection techniques. Whether or not such a cell enrichment technology such as microdissection is necessary depends upon the sensitivity of the test, and the percentage of tumor cells in the population being studied. For example, as few as 30% of contaminating normal cells can mask LOH analyses. Conversely, the identification of clonal B-and T-cell populations can tolerate the presence of much higher percentages of contaminating (polyclonal) B-or T cells with sensitivities reaching 1-2% of tumor cells. The detection of viral sequences (such as EBNA2) or translocations routinely reach sensitivities of 1 in 10 À4 -10 À5 in polymorphous populations. Therefore, we believe that for the analyses described herein microdissection is not routinely necessary or needed.
In conclusion, our study establishes that there is no statistically significant difference in the diagnostic yield on a per sample basis between fresh and archival cytology specimens evaluated for molecular diagnostics. This study also emphasizes the potentially important role that PCR may play in archival cytologic specimens. This can be of particular importance when there is a limited amount of tissue for routine morphology and direct visualization, when the cytologic appearance is ambiguous or nondiagnostic, and for the study of remotely obtained samples. Our findings suggest the possibility of using a complementary approach to the evaluation of cytologic samples, particularly CSF, for molecularly characterized malignancies such as lymphoma. The ability to visualize all of the material and then perform PCR greatly enhances the probability of yielding the correct diagnosis. Use PCR on archival cytologic material R Mattu et al
